Supplementary Figure 4
The FTIR spectra of SAM of GO and SAM after partial reduction in hydrazine vapor. The overall ATR-FTIR spectra of GO and the partially reduced GO films both consisted of the typical GO oxygen functional groups such as C=O (~630 cm -1 -~1150 cm -1 and ~1650 cm -1 ), C-OH (~1380 cm -1 ) and C-O (~2390 cm -1 ). In case of the partially reduced GO film, the intensities of the peaks at 1650 cm -1 (corresponding to C=O) and ~ 3400 cm -1 (corresponding to C-OH) have significantly decreased, while the peak at 1570 cm -1 (corresponding to C=C) has significantly increased, confirming a partial reduction of the GO membrane, in agreement with the observed XRD spectra ( Supplementary Fig. 3 ) for these two specimens. 
Supplementary Figure 7
Correlation between CAA radius and hydrated radius of several well established probe molecules. We used this correlation to estimate hydrated radius of our probe molecules. 
Supplementary

Hydrogel bead Raman spectroscopy characterization
Raman spectroscopy was used to investigate the possibility that GO is absorbed into the hydrogel beads along with water. GO has two characteristic Raman peak at ~1330 cm -1 (D band) and ~1580 cm -1 (G band) corresponding to the amount of defects and in-plane bond stretching of sp 2 carbon atoms respectively. If the hydrogel beads have absorbed GO during the concentration process, Raman spectra of the swollen beads would display these characteristic peaks. To this end, we have compared the Raman spectra of hydrogel beads which have swelled after soaking in a GO solution to two control spectra: a GO film and hydrogel beads which have swelled after soaking in RO water. Supplementary Figure 1 demonstrated swollen beads in GO or RO water have similar characteristics peak and there is no evidence of GO peaks in the bead swollen in GO.
Supplementary Note 2:
Effective physical parameters in the casting process
To elucidate the essential physical parameters in the doctor blading process, many researchers Fig. 2 ). The velocity profile is calculated by:
Here, is the flow velocity in the direction, is the casting process speed, µ and are the apparent viscosity and the density of the GO dispersion, respectively. is the height of the GO dispersion in front of the doctor blade, ℎ 0 and are the dimensions of the blade gap (Fig. 2d ).
Based on our experimental conditions ( =1 cm s -1 , ℎ 0 =10 -6 m), the external shear of the blade dominates the fluid behaviour in the blade gap, therefore the total velocity profile of the dispersion in the blade gap may be considered as:
Here, the shear rate is calculated as:
and the shear stress is defined by: = ɤ̊, therefore:
Supplementary Equation 4 estimates the total shear stress that the doctor blade imparts on the GO dispersions. Since the casting velocity and the doctor blade gap were kept constant during the experiments, the shear stress is dependent on the viscosity of the GO dispersion. Thus the imposed high shear stress (Table 1) aligns the nematic phase GO sheets 7, 8 .
